Introduction
Tetrahymena rostrata, a ciliated protozoa, can be cultivated on a large scale (Gosselin et al., 1989) and represents a potential source of enzymes and metabolites (Munro, 1985) which can have pharmacological uses as demonstrated by Devis et al. (1984) . To produce subcellular components or to extract molecules of economic interest, mass cultivation of Tetrahymena requires adequate and inexpensive media. Saliba et al. (1983) demonstrated that skimmed milk could favourably replace peptones and decrease T. rostrata generation time by 14 %. Hemoglobin hydrolysate, a food byproduct with constant composition was also used but did not modify cultural parameters (Dive et al., 1989) . In this paper, the nutritive value of different food byproducts was investigated for Tetrahymena rostrata cultivation. As these products could not supply essential requirements for nucleic acids, they were only used by cells as amino acid sources. To optimise the media composition and to model Tetrahymena growth on these different nitrogen sources, full or fractional factorial designs can be used to measure the influence on response of several parameters which vary simultaneously as well as to determine the interactions between them through a limited number of trials (Box et al, 1978 ; Fargin et al, 1985 ; Delacroix and Porte, 1987) . The central composite design method was chosen and a polynomial model was used to quantify the relationship between the values of two measurable response variables (generation time and maximal population) and a combination of experimental factors presumed to affect the response (the concentration of yeast extract and various nitrogen sources).
Material and methods

Cultivation
Tetrahymena rostrata, originally provided by G. Fryd Versavel (University of Paris XI, Orsay, France), was grown at 28°C and adapted before experimentation by precultivation on the different media over one week. Exponentially growing precultures were used as inocula on an initial population of 10 4 cells/ml. In cultures performed in 125-ml flasks containing 10 ml of medium, generation time and maximal population were respectively determined during exponential and stationary phases.
Media and cell counting
The media contained yeast extract, considered as the nucleic acid and vitamin source, and dairy products (skimmed milk, soft whey or soft buttermilk), starch products (Solulys B or Alburex R) or crude fish powder as the major nitrogen source. Solulys B was a corn-steep liquor recovered after a short-term lactic fermentation. Alburex R was composed of heat coagulated potato proteins.
The nitrogen source was dissolved in distilled water, boiled five minutes and filtered through Whatman paper (30 m pore size) to discard the insoluble fraction when necessary. Yeast extract was added and the pH adjusted to 6.7 if necessary. Media were autoclaved for 20 min at 120°C.
Cells were electronically counted with a Coulter Counter ZM (aperture of 140m).
Statistical analysis
A central composite design was adopted to assess the combined effect of yeast extract and each nitrogen source on generation time. The levels of variables tested (Table 1) were chosen on the basis of preliminary data (Saliba et al., 1983 ; unpublished data) .
Obtained data were analysed by multiple regression using Minitab (1995) ; (YE)(NS) : interaction term ; ε : error term (residual) supposed to be of null expected value and constant variance for the need of hypothesis testing. The criteria for choosing the model was based on R 2 values and significance of the F-test. A variable was eliminated when the probability of the t-test (Student's statistic) of the coefficient was greater than the ␣-value, also known as the significance level.
Results and discussion
Media preparation and nitrogen source characteristics Dairy products (soft whey, buttermilk and skimmed milk) were easily dissolved and did not flocculate after sterilisation. Other nitrogen sources were more difficult to dissolve, particularly potato proteins (Alburex R) and fish powder which had to be filtered before sterilisation to discard the insoluble fraction. Moreover, a precipitation of very small particles occurred after corn-steep media sterilisation. Particles were not digested by the ciliates; consequently, a part of nutrients was untapped. The electronic counts were disturbed and, in addition, the cell pellets were contaminated by this insoluble fraction when ciliates were harvested by centrifugation. Low growth observed in starch and fish powder media indicated that the major amino acids had been lost and that T. rostrata could grow on a medium simply composed of yeast extract as previously demonstrated for T. thermophila (Ethuin et al. , 1995) Growth characteristics in tested media Potato protein medium As Alburex R was difficult to dissolve in water, different treatments were carried out. First, KOH treatment, which is commonly used for casein solubilization, was performed. The treatment was efficient, but no growth was observed. Secondly, a treatment with papain (1.5 mg/g protein) for 30 min did not improve the dissolution of the nitrogen source. Then, a filtration was achieved after boiling Alburex R to discard the insoluble fraction. Protein concentration measured in media prepared with 0.5, 1 or 5 g Alburex R /l (5 or 10 g yeast extract /l) was found to be the same ; the best generation time was about 200 min and the maximal population was about 1.8 ϫ 10 5 cells/ml.
Other media
Models of response surfaces (Figures 1 and 2 ) obtained with the central composite design were determined by using multiple regression analysis. A variable was eliminated when the probability of the t-test was greater than 5% (Tables 2 and 3 ).
Regression models (Tables 2 and 3 ) could only be used between the levels of combined factors chosen for the central composite design (Table 1) . With smaller values, the model could not be applied as confirmed by preliminary tests. The latter showed that for the zero value of nitrogen source (medium only composed of yeast extract), cells grew very slowly although regression models (Table 2) indicated better generation times, near optimal values.
For generation times, no significant interaction term between yeast extract and nitrogen sources was apparent ( Table 2 ), indicating that the effect of these nitrogen sources was independent from yeast extract value. On the 
